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A. THE EFFECT OF PENTOBARBITAL ON THE VISUAL SYSTEM
OF RATS
The optic nerves of albino rats anesthetized with sodium pentobarbital (50 mg/kg)
were exposed by removing the cerebrum lying over the nerves by suction. In such a
preparation, the circulation in the retina and optic nerve remains intact. The dura
and nerve sheath were removed from the nerve between the optic foramen and the
optic chiasm and single units were recorded by means of metal-filled glass micro-
pipettes, plated with platinum black. l Single units can be stably recorded for one
hour and longer; moreover, units recorded in sequence along the track of the elec-
trode can be recovered upon withdrawal of the electrode in the reverse sequence.
In such a preparation under pentobarbital the most striking activity recorded is a
synchronous, spontaneous bursting of most of the active units at approximately 15 cps
(Figs. XVI-1 and XVI-2). Almost all such units respond with a burst of spikes to the
"off" of the general illumination, and are desynchronized when the general illumination
is turned on (Fig. XVI-2). This bursting "off" unit activity is quite well synchronized
through the nerve; a 5-micron KCI pipette, placed on the surface of the nerve, records
a periodic potential of approximately 15-cps frequency (Fig. XVI-3).
The bursting "off" unit activity is not present in the optic nerve axons of an animal
prepared without any barbiturate; these animals were prepared under ether anesthesia.
A midcollicular section was performed, followed by removal by suction of the cerebrum
overlying the optic nerve. If the optic nerve in such an unanesthetized animal is crushed
close to the optic chiasm and records taken distal to the crush, no such bursting activity
is seen. This suggests that the bursting activity is not due to suppression of some effer-
ent activity by the barbiturate. Furthermore, an electrode records many more units in
the unanesthetized animal, many of which are "on" units. If the sequence and number of
units along an electrode track is noted and Nembutal administered, as the level of anes-
thesia deepens and the electrode is withdrawn, the nerve is found to be relatively much
more quiet, with groups of bursting "off" units not before observed now being recorded,
which have quiet regions between them. Conversely, as the level of anesthesia lightens,
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Fig. XVI- 1.
Fig. XVI-2.
A single unit of the "bursting off unit" variety
recorded in the optic nerve of an albino rat
under pentobarbital. Time marker: 50 per
second.
Several bursting units recorded in the optic
nerve of an albino rat under pentobarbital.
The background illumination was turned on
in the middle of the sweep and off at the end.
Time marker: 2 per second.
Fig. XVI-3. Slow potentials recorded with a gross electrode
from the surface of the optic nerve of an albino
rat under pentobarbital. Time marker: 4 per
second.
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the bursting activity diminishes and types of units other than the bursting "off" units
are recorded.
This bursting "off" unit activity was also seen in albino rats under allobarbitone
(Dial, Ciba), and in both albino and Long-Evans hooded rats under pentobarbital with
the recordings taken stereotaxically with the same type of low-impedance electrodes.
J. E. Brown, J. A. Rojas
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B. SINGLE-UNIT RESPONSES IN THE CEREBELLUM OF THE FROG
The cerebellum of the frog is a bean-shaped organ lying on the dorsal side of the
brain between the medulla and the tectal lobes. The largest nerve-fiber bundles entering
the cerebellum are the (dorsal) spinal tract and the vestibular tract. Small tracts
course in from nerves IV and V, from the tectum, and from sundry nuclei in the medulla.
The histological structure of the organ upon which these fiber tracts of different sensory
modalities converge is similar to, but less complex than, that of the mammal. That is,
according to the scanty and sketchy anatomy that we find (in the frog) there are the three
distinct layers - the molecular, the granular, and the Purkinje cell layers - but their
arrangement and interconnection is less elaborate than in the mammal.1,2
The present study attempts to reveal through microelectrode recording how each
modality is handled separately and in combination by short-term responses in cells of
the cerebellum. The recording was done with metal-filled, platinum-plated, glass elec-
trodes on curarized (in several cases, uncurarized) frogs (R. pipiens). I distinguished
the stimuli applied to the frog mainly by general qualitative differences.
In harmony with the nature of the stimuli, this report is a qualitative description of
the behavior of cerebellar cells in the frog. This description is not exhaustive and deals
only with those cells in which the response was a clear-cut change in activity. It will
be presented as a set of categories representing the nature of the applied stimuli -
vestibular, mechanical, visual, and combinations of these three.
Some of the vestibular organs are simultaneously stimulated by a rotation of the frog
about an axis inclined to the horizontal. Cells that respond to this mode of stimulation
are of the following types:
(i) One kind has a periodic resting rate, responds to rotation both clockwise and
anticlockwise with a continuous barrage, the frequency of which depends on the velocity
of rotation. These resting rates change with changes in the position of the head.
(ii) Another kind usually has an aperiodic, bursty, resting rate and responds to
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rotation in one direction with a burst whose frequency depends on the magnitude of the
acceleration. It is inhibited by, or responds only weakly to, a rotation in the other direc-
tion. Such a cell shows a rapid adaptation to successive rotatory (back and forth) stim-
uli. It usually does not show nicely periodic changes in resting rate with changes in
position of the head; although, in several cases, a change in position did produce a
quickening of the rate (Fig. XVI-4).
(iii) Another kind is (a) silent and responds to a rotation in one direction with
an abrupt burst of five or more spikes whose frequency is proportional to the rate of
change of acceleration, or (b) is silent and responds with a spike or two at the end of
rotation. Both (a) and (b) accommodate to a second stimulus presented with a period of
10 seconds.
In all of the above-mentioned cells possessing a resting rate, that resting rate is
depressed after a response but slowly returns after a period of at least 10 seconds
(often 1 minute). The length of this period depends on the strength and the duration
of the stimulus.
Mechanical stimulation is performed on the limbs, and to a lesser extent on other
parts of the body - neck, back, snout, eye muscles, cornea. Cells that respond to
this mode of stimulation are of the following types:
(i) One has usually an aperiodic resting rate, responds with a burst to changes
in limb position, and rapidly and completely adapts to a second stimulus for a period
of at least 10 seconds. These cells are sensitive to at least one and perhaps several
muscles acting about a particular joint in the limb, and often will respond to the same
stimulus in both left and right limbs (Fig. XVI-5).
(ii) Another has a periodic resting rate and responds with a burst to any one of
the following stimuli, the choice depending on the cell: Pressing on the limb pads (of
sometimes one, two, or all four limbs), pressing on the eye muscles, and blowing and
brushing on the cornea and various parts of the skin. These stimuli depress the peri-
odic resting rate after a response.
(iii) A third is silent and gives a periodic response whose frequency is pro-
portional to the amount of bend of a particular joint in one limb. These responses are
nonadaptive and may reach a high firing rate of several hundred spikes per second, and
maintain this rate for as long as the joint is bent (Fig. XVI-6).
The only other sensory modality seen thus far to affect some cells of the frog cere-
bellum is vision. These cells have an aperiodic resting rate and respond with an abrupt
burst to the movement of an object (for example, a hand) within the visual field of an
eye. They adapt after a single stimulus, and will not respond again to this stimulus
for at least 15 seconds. They thus have the same properties as the 'newness' neurons
seen by Lettvin and others in the optic tectum. 3
Interactions between the various modalities occur in the cells described above.
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Fig. XVI-4. Vestibular type ii cell. Onset of stimulus indicated by
an arrow beneath the trace. Spike height ~1.5 mv.
a. resting rate (head in normal position).
b. rotation 900 counterclockwise.
c. resting rate in new position.
d. rotation 900 clockwise.
e. initial resting rate.
f. time base, 10/sec.
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Fig. XVI-5. Mechanical type i cell. Spike height -2 my.
a. resting rate.
b. right leg picked up and put down (up and
down indicated by arrows).
c. resting rate.
d. left leg picked up and put down.
e. time base, 10/sec.
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Fig. XVI-6. Mechanical type iii cell.
- j
Spike height -1 my. Fig. XVI-7.
Part I. Extension about ankle joint with knee joint in the
normal position.
a. resting rate.
b.-d. increasing extension about joint.
e. maximal extension.
f. resting rate.
g. time base, 10/sec.
Part II. Extension about ankle joint with a fixed flexion
about knee joint.
a. resting rate.
b. increasing extension about ankle joint (increase
in the same steps as in Part I. b-d).
e. maximal extension.
f. resting rate.
g. time base, 10/sec.
Interaction type a cell.
Spike height -1 my.
a. resting rate (head in
normal position).
b. resting rate (head
rotated 90* clockwise).
c. left toe pad pressed
on four successive
times.
d. left toe pad pressed
on twice (note depres-
sion of the resting
rate).
e. resting rate (head
position as in b).
f. time base, 10/sec.
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These cells behave as mixtures of the following kinds:
(a) Vestibular 1 and Mechanical 2. These cells have a periodic resting rate and
will respond to rotation and change their resting rate with changes in the position of
the head, will respond, for example, with a burst to pressing on left or right toe pad,
and will have their resting rate depressed immediately thereafter (Fig. XVI-7). Similar
responses are elicited in other cells with other mechanical stimuli.
(b) Vestibular 2 and Mechanical 1. These cells have an aperiodic resting rate and
will respond with a burst to either rotation or movement of one or several limbs,
and will have their resting rate depressed immediately thereafter.
(c) Vestibular 2 and Visual. These behave as those in (b), except that vision rather
than mechanical stimulation causes response. Visual responses have been seen in only
this type of cell.
No attempt has yet been made at strict anatomical localization of the above-mentioned
groups of cells with respect to the layers of the cerebellum. Physiologically, in
penetrating the dorsal surface of the cerebellum, the electrode, inclined caudally at a
very slight angle to the vertical, encounters three distinct layers consisting of the fol-
lowing groups of cells:
(i) vestibular 2, vestibular 3, mechanical 1, visual
(ii) vestibular 1, mechanical 2
(iii) mechanical 3.
The time constants of the cells in these three layers are also appreciably different.
The height of the potentials recorded in the first layer is invariably greater than that
of those in the other two, and the cells in this layer are electrically closely packed.
These cells are probably the Purkinje cells, which are the largest (~10 4 in diameter)
and the most closely packed cells in the cerebellum.
With the exception of vestibular 3 responses, the short-term response pattern of
the cerebellar cells is not appreciably different from that found in the fiber tracts
entering the cerebellum. In fact, the response in mechanical 3 seems no different
from what would be expected in a tendon-stretch receptor itself, unless, indeed, this
response is combinatorial with other stretch receptors in the limb (as is perhaps the
case in Fig. XVI-6). The differences are found in the combination of the responses of
various modalities and in that of the responses from several limbs within a single cell.
The most patent use to the frog of the short-term responses of cerebellar cells is
in the rapid control of efferents to muscle. For example, Granit, Holmgren, and
Merton 4 have shown that in the cat the cerebellum in some way regulates the proportion
of the two routes of muscle excitation, a and y, in use at any time. That there is a
large representation of the y efferents in the cerebellum is seen in the large decrease
in cellular activity in layer ii when a frog is curarized. (Curare knocks out muscle
spindle activity.) The proportion of the two routes in use in a given muscle at any time
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is very likely dependent on vestibular, dermal, visual, and other muscular activity.
The nature of these short-term responses allows the cerebellum to perform just such
a regulation.
The long-term responses of the cerebellar cells consist in the setting and modulation
of the complex resting rates (not strictly aperiodic but almost cyclic in the repetition
of a bursting pattern) of those cells by previous vestibular, mechanical, and perhaps
visual stimuli. These kinds of responses are suited to making the cerebellum in part
an organ that can 'remember' previous trajectories of a frog in its milieu, and that can
plot intended trajectories of the animal. This bit of speculation will be the object of
further study on the cerebellum of the frog.
F. S. Axelrod
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